Abstract. Ventilation can improve the indoor air environment of pheasantry. At present, the longitudinal ventilation mode of fan-pad airflow system is mainly used in livestock and poultry production. However, due to the high density of feeding, clean air tends to pass through the middle aisle, which leads to poor ventilation in pheasantry. It cannot effectively reduce the high temperature in cages,and high concentrations of harmful gas and dust affects the quality of livestock and poultry production. Taking caged broiler as an example, this paper designs a new type of ventilation system, which combines Solar-Induced Ventilation Wall with local air supply pipeline to form a system of fan-Solar-Induced Ventilation Wall -air supply pipeline. It adjusts and purifies the local environment of cage. This design includes many operation modes, such as auxiliary ventilation especially designed for using in summer or winter, which achieves the goal of ventilation all year round. The design can effectively solve the problem of poor ventilation in pheasantry, thereby realizing suitable air supply, energy saving and environmental protection by using solar energy. It is a good application in the production of livestock and poultry.
Introduction
With the development of intensive livestock and poultry breeding, the scale and density of livestock breeding are also increasing. In China, livestock and poultry are often raised in cages or railings based on easy management, which improves utilization of land and labor productivity [1, 2] . But in the production of livestock and poultry, due to the high density, the local ventilation in cages is not effective so it brings some problems, the house temperature rises and the concentration of harmful gases increase [3, 4] . All these factors will cause serious damage to the health and production of livestock and poultry, resulting in a decline in economic efficiency [5] . So it is a common problem faced with the livestock breeding industry that how to improve the environment of the phrasantry to increase the livestock production and gain more profit.
The solar-induced ventilation wall system is a technology providing an affordable heating and ventilation solution. This solution enhances the indoor thermal environment by using solar energy to advance natural ventilation [6] [7] [8] . The solar-induced ventilation wall works in pheasantry with low cost, low maintenance, and low energy consumption. It provides fresh air, improve the environment, prevent disease, and can be used for enhancing the temperature in winter.
This paper takes caged broiler as an example, and designs a ventilation scheme based on the combination of solar-induced ventilation wall and air supply ducts in cage. Using ducts to supply air in cages can perform a suitable air supply, so that the air flow will be sent to every corner of the livestock and poultry house, and effectively improve the local environment. The device realizes integration and partial automatic control, so it is convenient for the user to operate. It worth a broad practical application.
Design of the System's Structure and Its Operation Modes
The system consists mainly of a fan-solar wall system, an air handling system, an end venting system and a control system.
Design of Solar-induced Ventilation Wall.
The system is mainly composed of an air filter, an axial fan, a solar-induced ventilation wall and a solenoid valve.
The solar ventilation wall is mainly composed of an outer layer with high transmittance , a solenoid valve to control the air passage, a heat storage material and a heat insulation material. The working principle is shown in Figure 1 . When the solenoid valve 1 and 4 are open, the air in the passage is heated up, the gas density in the upper part of the passage is higher than the outside, and will be discharged by opening solenoid valve 1, and the air in the room is continuously replenished through solenoid valve 4, thereby extracting the dirty air in the house; When solenoid valve 2 and 3 are open, the air in the passage will be heated and introduced into the room through the solenoid valve 2, and the air outside the house will be replenished through the solenoid valve 3 to replenish the fresh heated air to the house.
Operation situation in summer
Operation situation in winter Model Operation of the Fan-solar Ventilation Wall. The fan fixed at switch 3 is combined with a solar-induced ventilation wall, and convey the air filtered into the air passage. The air enters the inner ventilation duct from switch 2 or switch 4. The four switches are replaced by solenoid valves. The opening 1 is formed in a shape of vertically upward chimney. So the upper air pressure will be decreased when there is wind above the chimney, which is favorable for gas discharge in the passage. The three operating modes are shown in Figure 2 : Figure 2 , the outside air will be extracted by the fan when the fan and the solenoid valves 3 and 4 are open, passing through the solenoid valves 4 into the passage without being heated. The air is eventually sent to the chicken house, which can be used for ventilation in summer. Figure 3 , the fan is turned off, the solenoid valves 1 and 4 are opened, and the hot air entering the air passage is heated and discharged, which improves the air quality in the pheasantry, increasing air exchanges in the house, and removes a part of the load in the room. In this way, when the temperature inside the pheasantry is higher than the temperature outside the house, the effect of ventilation will be better and more obvious. It can be used for ventilation in the summer of the pheasantry when the fan is turned off. (Considering that the winter house needs to keep warm,and the ventilation does not have to be operated as diligent as in summer, so it is generally not used for winter ventilation) Mode 3. As shown in Figure 4 , the fan and the Solenoid valves 2 and 3 are turned on, and the outside air is extracted by the fan, heated by the solar ventilating wall, and then enters the inner air duct from 2, and then is transported to the chicken house. And the hating air can be used for ventilation in winter houses. The solar-induced ventilation wall is installed on the outer side of the original wall of the chicken house, and the heat storage material and the heat insulating material are bonded together by an organic binder. They are bonded to the original wall with cement. The air passage is connected to the outside of the house through the pipe, and the solenoid valve on the pipe will control the opening of the pipe as a switch.
Mode 2. As shown in
Design of Air Treatment System. The system mainly includes an ammonia sensor, an ozone generator, a humidity sensor and an air humidifier. The detector of the ammonia sensor in the farm is hanging inside the pheasantry .The allowable ammonia concentration is set at the terminal control panel. When the concentration of ammonia in the pheasantry exceeds the specified concentration, the control panel will automatically alarm and trigger the ozone generator program. At this point the ozone generator starts running and produces ozone quickly. The air from the solar-induced ventilation wall carries a small amount of ozone. It is driven by the fan to reach the pheasantry through the air outlet pipe to eliminate the ammonia, thereby performing the air purification. When the concentration of ammonia in the pheasantry is below the threshold of ammonia, the sensor will automatically senses and emits a signal to turn off the ozone generator to save energy. Humidity sensor and air humidifier works the same way.
Design of End Ventilation Plates System. It is mainly composed of ventilation plates and ventilation ducts. The ventilation plate is modified from the slab and the ventilation pipe. The upper side can be covered with manure, and the lower side is evenly arranged with ventilation holes. It is a hollow cubic structure placed above each layer of the chicken cage. The ventilation plates are connected with each other to form a unitary body, which is convenient for mechanized decontamination and can be disassembled and cleaned. The outside air passing through the solar-induced ventilation wall, the ozone generator and the air humidifier flow into the main pipe. And then the airflow of the main pipe is evenly distributed to the branch pipes, and each branch pipe is connected with the ventilation holes on the side of the plates, so that the airflow is distributed to every layer of the plates of the chicken cage, the airflow blows the lower layer of the chicken cage through the ventilation hole at the lower end of the plates, so that the effect of cooling air will cool the chicken. The structure of the end ventilation plate system is shown in Figure 5 . In order to prevent the pheasantry from being overbuilding, and the air flow at the end of each layer of ventilation plates from being too weak, the plates will be divided into three separate sections, and each with its own fan-solar wall system and air treatment system. So the strong airflow will be guaranteed to blow at the end of the ventilation plates.
The Process of Control
The system provides both automatic and manual modes of operation. The process is shown in Figure  6 . As for manual mode, the user can manually choose whether to start the fan or use the solar-induced ventilation wall to ventilate. If the fan is chosen, the system will automatically select mode 1 or mode 3 based on the comparison between the outdoor temperature and the setting threshold; And if the user choose not to turn on the fan, then the solar-induced ventilation wall is going to be operated (Ventilation mode 2) for ventilation. The system is also provided with a button to turn off all ventilation modes manually, at which point all solenoid valves, fans, humidifiers, ozone generators, etc, will be turned off.
Interpretation:
InT -The current temperature value of the pheasantry collected through the temperature sensor inside the pheasantry.
InT_d -Setting threshold of the Temperature in the pheasantry. When the current temperature is higher than the threshold, which indicates the ventilation equipment needs to be started. And the system default is 25°C.
OutT -Collected real-time temperature values of the environment outside the pheasantry through the external sensor.
OutT_d -Setting threshold of the Temperature outside the pheasantry. When the current temperature is lower than the threshold, which indicates the ventilation mode 3 will be operated. And the system default is 18°C.
InH -Collected real-time temperature values of the environment inside the pheasantry through the internal sensor.
InH_d -Setting threshold of the humidity inside the pheasantry, when the real-time value is lower than the threshold, which indicates that the humidity in the house is too low, and the humidification device needs to be started. The system default is 55%.
InW -Collected real-time air speed values in the pheasantry through the internal wind speed sensor.
InW_d -Setting threshold of the air speed inside the pheasantry, when the real-time value is lower than the threshold, which indicates that the fan needs to be turned on for ventilation, and the system default is 1.6m/s. NH 3 -Collected real-time ammonia concentration in the pheasantry through the internal ammonia sensor.
NH 3 _d -Setting threshold of the ammonia concentration inside the pheasantry, when the real time value is higher than the threshold, which indicates that the ozone generator is required to purify the air, and the system default is 15ppm.
O 3 -Collected real-time ozone concentration in the pheasantry through the internal ammonia sensor.
O 3 _d -Setting threshold of the ozone concentration inside the pheasantry, when the real time value is higher than the threshold, which indicates that the ozone will be harmful to the chicken, and the system default is 50ppm.
"Threshold correction" in the figure means that when the user does not input a non-logical threshold, the system will automatically set the system default as its threshold.
In addition, both the mode 1 and the mode 3 have two time relays built in, Timer1 is to control the running time, and the other one,Timer2, is control the stop time. When this mode is started, the running time control relay Timer1 will works. It keeps ventilating until setting running time runs out, and then the stop time control relay Timer2 works to prevent the system from ventilating for the set time. The system then selects the operating mode based on user's choice and sensors status. If the user wants to switch the working mode halfway, what is needed is to press the "Stop Ventilation" button and then restart it to reset the system.
